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* NOTICES * 

OPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



* CLAIMS 



[Claim(s)] 

[Claim 1] In the manufacture approach of a semiconductor device of having the multilayer 
interconnection to which lower layer wiring and the upper wiring were electrically connected through 
the connection hole which the interlayer insulation film with which flattening of the front face was 
carried out was formed on the substrate of having ****, and was prepared in the interlayer insulation 
fikn The manufacture approach of the semiconductor device characterized by forming a multilayer 
interconnection including the following processes, (A) The process which forms the lowest layer 
insulator layer from which a dirty rate changes to flow rate change of predetermined etching reactant gas 
on said substrate, (B) The upper insulator layer of one layer or two or more layers in which the method 
of change of a dirty rate over flow rate change of said etching reactant gas differs from said lowest layer 
insulator layer is formed on said lowest layer insulator layer. The process which carries out flattening of 
the front face, the process which forms the photoresist which has opening in (C) connection hole field 
on said upper insulator layer, (D) The 1 st etching process which makes the flow rate of said etching 
reactant gas the conditions to which the dirty rate of said lowest layer insulator layer becomes small, and 
removes said upper insulator layer of a connection hole field, (E) Make the flow rate of said etching 
reactant gas into the conditions to which the dirty rate of said lowest layer insulator layer becomes large, 
and said lowest layer insulator layer of said connection hole field is removed. The process which 
removes the 2nd etching process and the (F) aforementioned photoresist which form a connection hole, 
and forms wiring on said connection hole and said upper insulator layer. 

[Claim 2] The manufacture approach of a semiconductor device according to claim 1 that the dirty rate 

of said lowest layer insulator layer is 1/5 or less [ of the dirty rate of said upper insulator layer ] on the 

conditions on which the dirty rate of said lowest layer insulator layer becomes small. 

[Claim 3] The manufacture approach of the semiconductor device according to claim 1 or 2 using the 

gas which contains C4F8 in said etching reactant gas, using silicon oxide as said lowest layer insulator 

layer. 
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• DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a semiconductor device 
including the process which forms the connection hole with which the depth differs considering 
insulator layers, such as an oxide film, as etched film especially about the production process of a 
semiconductor device which has multilayer-interconnection structure. 
[0002] 

[Description of the Prior Art] Drawing 1 is a sectional view showing the conventional example of the 
semiconductor device after connection hole formation. The interlayer insulation film 8 is formed on the 
semi-conductor substrate 2 containing the component isolation region 4 or the gate electrode 6. On the 
interlayer insulation film 8, the wiring layer 16 (16a, 16b) to which the laminating of the AlCu film 10 
(10a, 10b), the Ti film 12 (12a, 12b), and the TiN film 14 (14a, 14b) was carried out is formed at the 
position. On the interlayer insulation film 8 containing wiring layers 16a and 16b, the interlayer 
insulation film 18 by which flattening was carried out using the existing flattening technique is formed, 
and connection hole 20a with the shallow depth and connection hole 20b with the deep depth are formed 
on wiring layer 16a and 16b, respectively. 

[0003] Thus, if it is going to form the connection hole with which the depth differs by the conventional 
dry etching, the damage to the substrate pattern located under a connection hole with the shallow depth 
will become large compared with the damage of a substrate pattern located in a deep connection hole. 
Consequently, connection resistance becomes large, or the variation in connection resistance becomes 
large, and a problem arises in the dependability of a semiconductor device. 

[0004] for example, when forming a wiring connection hole, by the connection hole formation approach 
by the conventional dry etching When the structure of the substrate pattern wiring layer 16 of a 
connection hole is formed fi-om the 12/TiN film 14 of 10/Ti film of AlCu film, As for the interlayer 
insulation film 1 8 by which flattening was carried out, connection hole 20b in which connection hole 
20a and TiN film 14b from which TiN film 14a of the substrate pattern wiring layer 16 was removed to 
the pars basilaris ossis occipitalis remain with the depth of a connection hole lives together. Especially 
in connection hole 20a fi-om which TiN film 14a was removed, aluminum of AlCu film 10a of the 
substrate pattern wiring layer 16 and the gas of CF system which is an etching kind react, the volatile 
low fluoride 22 is formed, and this accumulates on a connection hole 20a wall. This fluoride 22 makes 
the contact resistance of a connection hole increase, and increases the variation in Moreover, 
aluminum of AlCu film 10a exposed at the connection hole 20a pars basilaris ossis occipitalis into 
which TiN film 14a was etched by the degasifying processing of about 500 degrees C performed before 
forming the upper wiring blows off, and the short circuit during wiring may be caused. 
[0005] Thus, at the time of connection hole formation, when the connection hole with which the depth 
differs was formed by the conventional etching approach, the damage to the substrate pattern with which 
a connection hole is located changed with depth of a connection hole, and there was a problem of 
reducing the dependability of a shallow connection hole remarkably especially. Then, the following 
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approaches are proposed in order to solve such fault. 

[0006] In order to cancel the difference in the etching time of each connection hole resulting from **** 
during each metal wiring produced by field oxide etc., the approach the front face forms the film in the 
thickness of homogeneity with the small large film so that it may become flat is proposed in the 
interlayer insulation film with which a dirty rate consists of the small film / large film / small film to 
predetermined etching gas (refer to JP,7- 122634, A (conventional example 1) and an official report). By 
this approach, the organic silicon compound which contains CF radical as film with a large dirty rate is 
used. In the interlayer insulation film formed on each metal wiring, although the thickness of the fihn 
with a small dirty rate is the same, the thickness of the film with a large dirty rate has a different thing. 
However, since the etching time of the film with a large dirty rate is almost the same irrespective of the 
thickness, it can make etching time of each connection hole homogeneity mostly. 
[0007] The approach of forming an etching mask is proposed so that the aspect ratio after etching of 
puncturing which thickness forms in a thin field as an option to the difference in the thickness of etched 
film, such as an oxide film resulting from substrate pattern structures, such as ****, and puncturing 
which thickness forms in a thick field (diameter of the depth/puncturing of puncturing) may approximate 
(refer to JP,9-148270,A (conventional example 2) and an official report). By making the aspect ratio of 
each puncturing approximate, etching end time was made almost equal and the bad influence to a 
substrate pattern is controlled. 

[0008] Furthermore, as an option, the approach a dirty rate forms a very small insulator layer in a 
substrate side most compared with other insulator layers is proposed so that an interlayer insulation film 
may be made into multilayers and a dirty rate may become large in order from a substrate side at order 
(refer to JP,8-236619,A (conventional example 3) and an official report). By using such an interlayer 
insulation film, the interlayer insulation film secured the etching margin of the part which becomes thin, 
and has prevented the over etching. 

[0009] Furthermore, the approach of forming the ingredient layer with a small dirty rate beforehand on 
wiring of the thin field of the interlayer insulation film by which flattening was carried out is proposed 
as an option in the field on wiring with which a connection hole is formed (refer to JP,9-17862,A 
(conventional example 4) and an official report). By forming an ingredient layer with a small dirty rate 
in a specific location, the interlayer insulation film secured the etching margin of the part which 
becomes thin, and has prevented the over etching. 

[0010] . ^ 

[Problem(s) to be Solved by the Invention] However, there are the following troubles m the above- 
mentioned conventional example. Since the organic silicon compound which contains CF radical as film 
with a large dirty rate in the conventional example 1 is used, a chemical reaction will be caused if this 
fihn is exposed with the connection hole side attachment wall at the time of the photoresist removal by 
02 performed after etching, and a damage is received, it is necessary to add an etchback process so that 
this film may not be exposed within a connection hole, consequently a routing counter increases. 
Moreover, the variation in the thickness of an interlayer insulation film also becomes large. In order to 
arrange the etching time of puncturing from which the depth differs, the conventional example 2 needs 
to change the path of puncturing with the depth, and is not practical. Control of the configuration of a 
connection hole is difficult for the conventional example 3 in order to etch into coincidence two or more 
film with which dirty rates differ. The process of the conventional example 4 which forms the ingredient 
film with a small dirty rate in the lowest layer of an interlayer insulation film beforehand increases. 
Moreover, after etching an interlayer insulation fihn, the process which removes the above-mentioned 
ingredient film is also required, a routing counter increases, and a process becomes complicated. 
[001 1] Then, when forming the connection hole with which the depth differs by dry etching, this 
invention controls the damage to the substrate pattern of the connection hole pars basilaris ossis 
occipitalis by the difference of the depth of a connection hole, and equalizes, and aims at raising the 
dependability of a connection hole and wiring. 

[0012] ^ ^ 

[Means for Solving the Problem] The interlayer insulation film with which flattening of the front face 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/15/2005 



JP,1 1-204636, A [DETAILED DESCRIPTION] 



Page 3 of 5 



was carried out is formed on the substrate of having ****, and the manufacture approach of the 
semiconductor device by this invention forms a multilayer interconnection including the following 
processes in the manufacture approach of a semiconductor device of having the multilayer 
interconnection to which lower layer wiring and the upper wiring were electrically connected through 
the connection hole prepared in the interlayer insulation film. 

(A) The process which forms on a substrate the lowest layer insulator layer from which a dirty rate 
changes to flow rate change of predetermined etching reactant gas, (B) The upper insulator layer of one 
layer or two or more layers in which the method of change of a dirty rate over flow rate change of 
etching reactant gas differs from the lowest layer insulator layer is formed on the lowest layer insulator 
layer. The process which carries out flattening of the front face, the process which forms the photoresist 
which has opening in (C) connection hole field on the upper insulator layer, (D) The 1st etching process 
which makes the flow rate of etching reactant gas the conditions to which the dirty rate of the lowest 
layer insulator layer becomes small, and removes the upper insulator layer of a connection hole field, (E) 
Process which makes the flow rate of etching reactant gas the conditions to which the dirty rate of the 
lowest layer insulator layer becomes large, removes the lowest layer insulator layer of a connection hole 
field, removes the 2nd etching process and the (F) photoresist which form a connection hole, and forms 
wiring on a connection hole and the upper insulator layer. 

[0013] Although the lowest layer insulator layer of a connection hole field with the thin thickness of the 
upper insulator layer will be removed by the time the upper insulator layer of the connection hole field 
where the thickness of the upper insulator layer is thick is removed to a pars basilaris pssis occipitalis 
when the 1st etching removes the upper insulator layer from which the thickness of a connection hole 
field differs, the thickness removed since the dirty rate of the lowest layer insulator layer is small is 
slight. After etching until the lowest layer insulator layer of the connection hole field where the 
thickness of the upper insulator layer is thick is exposed, the 2nd etching removes the lowest layer 
insulator layer of each connection hole field. Consequently, the amount of etching of the substrate 
pattern of each connection hole field can be stopped sufficiently small to the rate of over etching. 
[0014] 

[Embodiment of the Invention] It is desirable that the dirty rate of the lowest layer insulator layer is 1/5 
or less [ of the dirty rate of the upper insulator layer ] by the 1st etching. In that case, the amount of the 
lowest layer insulator layer removed by the 1st etching can ftiUy be stopped, and the amount of etching 
of the substrate pattern by the 2nd etching can be mitigated more effectively. It is desirable to use the 
gas which contains C4F8 in etching reactant gas, using silicon oxide as a lowest layer insulator layer. In 
that case, the etching rate of the lowest layer insulator layer can fiilly be changed by adjusting only the 
flow rate of the gas containing C4F8. 
[0015] 

[Example] Hereafter, the production process of one example which matenalized this invention is 
explained using drawing 2 and drawing 3 . ... 
(A) Form the gate electrode 32 in the active region separated on the single crystal silicon substrate 26 m 
the component isolation region 28 through gate oxide, and form an interiayer insulation film 34 on a 
silicon substrate 26 after forming the source drain diffusion layer 30 by an ion grouting degree etc. Next, 
the connection holes 36a and 36b are formed on the gate electrode 32 and a source drain diffiision layer, 
respectively. Deposit 500nm for example, for the AlCu film, 20nm and 50nm of TiN fihn are made to 
deposit Ti film sequentially from the bottom after depositing a barrier layer on the siHcon substrate 26 
whole surface, and patterning is carried out. Consequently, on connection hole 36a and 36b, the lower 
layer wiring layers 46a and 46b which consist of the AlCu film 40a and 40b, Ti fihn 42a and 42b, and 
TiN film 44a and 44b are formed through the barrier layers 38a and 38b, respectively. 
[0016] (B) Next, they are 1.4Torr(s) and RF about SiH4:150sccm, N2:1500sccm, N2O:3500sccm, and a 
pressure in a quantity of gas flow on a silicon substrate 26. By CVD, a refractive index deposits lOOnm 
(silicon oxide) of base film 48 of about 1 .57 for power on condition that lOOW. Next, in order to bury 
**** of the substrate pattern which consists of a component isolation region 28 or the 1st wiring layer 
46a and 46b and to carry out flattening of the silicon substrate 26 top, 550nm (silicon oxide) of flow 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 9/15/2005 



JP,1 1-204636,A [DETAILED DESCRIPTION] 



Page 4 of 5 



philharmonic film 50 is deposited for a quantity of gas flow by ordinary pressure CVD the condition for 
SiH4120sccm, N2:300sccm, and H2O2:0.65g/. In order to prevent moisture absorption of the flow 
philharmonic film 50, they are 0.75Torr(s) and RF about SiH4:100sccm, N2:1000sccm, N2O:2000sccm, 
and a pressure in a quantitj' of gas flow. After depositing 250nm (silicon oxide) of cap film 52 for power 
on condition that 500 W, annealing treatment is performed on condition that N2 gas ambient atmosphere, 
and the moisture of the flow philharmonic film 50 and the cap film 52 is removed for 450 degrees C and 
30 minutes. 

[0017] Thus, the interlayer insulation film is formed from three layers, the base film 48, the flow 
philharmonic film 50, and the cap film 52, and since the flow philharmonic film 50 is carrying out 
flattening of the it has a 550nm [ a maximum of] thickness difference depending on the field. 

. Next, in order to form the connection hole for connecting the 1 st wiring layers 46a and 46b and 2nd 
wiring layer. Patterns 56a and 56b are formed by the photoresist 54 on the cap film 52. In the interlayer 
insulation film under Patterns 56a and 56b, 550nm arises at the maximum and the about 50nm thickness 

' difference has arisen in min. 

[0018] Here, in order to form a connection hole, 2 step etching is performed to etching gas using 
Magnetron RIE for example, using C4F8 gas. By the 1st etching, the base film 48 of each pattern Shimo 
which the flow philharmonic film 50 is removed at least, and is the bottom by the 2nd etching is 
removed. The dirty rate (a part for nm/) to the C4F8 quantity of gas flow (seem) of the base film 48 
which constitutes an interlayer insulation film, the flow philharmonic film 50, and the cap film 52 is 
shown in drawing 4 . It turns out that the dirty rate of the base film 48 which constitutes the lowest layer 
of an interlayer insulation film by changing the flow rate of C4F8 gas can be changed fi-om drawing 4 a 
lot. In this example, this is used and the damage to the substrate pattern of a connection hole pars 
basilaris ossis occipitalis with the shallow depth is stopped to the minimum. 

[0019] (C) The 1st etching condition of 2 step etching is 40mTorr(s) and RF in a quantity of gas flow 
about C4F8:18sccm, CHF3:10sccm, CO:300sccm, Ar:400sccm, 02:2sccm, and a pressure. Power was 
used to 1700W (the diameter of an electrode is 8 inches), and temperature was used as lower 
electrode:20 degree C, up electrode:60 degree C, and 60 degrees C of side attachment walls. The dirty 
rate of the base film 48 in this condition, the flow philharmonic film 50, and the cap film 52 is a part for 
part 500nm/for part 500nm/for 80nm/, respectively (field 46 of drawing 4 ). 

[0020] If the 1st etching is started, the cap film 52 under pattern 56a and 56b will be first removed 
mostly by coincidence. Furthermore, the flow philharmonic film 50 under it is removed. When the flow 
philharmonic film 50 under pattern 56a is removed to a pars basilaris ossis occipitalis and removal of the 
base film 48 under it is started, the flow philharmonic film 50 under pattern 56b still remains. However, 
the thickness of the base film 48 under pattern 56a which will be removed on the 1st etching condition 
by the time the flow philharmonic film 50 under pattern 56b is removed to a pars basilaris ossis 
occipitalis since the dirty rate of the base film 48 is 1/5 or less [ of the dirty rate of the flow 
philharmonic film 50 ] is slight. Consequently, the cap film 52 and the flow philharmonic film 50 can be 
removed, without exposing the TiN film 44a and 44b under pattern 56a and 56b. 

[0021] (D) The 2nd etching condition was made the same as the 1st etching condition except having set 
the quantity of gas flow to C4F8:9sccm. The dirty rate of the base film 48 in this condition, the flow 
philharmonic film 50, and the cap film 52 is a part for part 420nm/for part 420nm/for 360nm/, 
respectively (field 48 of drawdng4 ). Moreover, the dirty rate of the TiN film 44a and 44b in this 
condition is a part for 30nm/. 

[0022] At the time of the 2nd etching initiation, since the thickness of extent with the base film 48 same 
also under pattern 56a or 56b remains, the base film 48 under pattern 56a and pattern 56b is removed 
without big time difference. Strictly, the direction of the base film 48 under pattern 56a is removed to a 
pars basilaris ossis occipitalis ahead of the base film 48 under pattern 56b, and TiN film 44a under 
pattern 56a begins to be removed. However, the thickness of TiN film 44a which will be removed on the 
2nd etching condition by the time the base film 48 under pattern 56b is removed to a pars basilaris ossis 
occipitalis since the dirty rate of TiN film 44a is about 1 of dirty rate of base film 48/12 is slight. 
Consequently, the base film 48 can be removed to a pars basilaris ossis occipitalis, without penetrating 
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the TiN film 44a and 44b under pattern 56a and 56b, and exposing the Ti film 42a and 42b and the AiCu 
film 40a and 40b under it, and the 2nd connection hole 58a and 58b can be formed on the 1st wiring 
layer 46a and 46b. Then, a photoresist 54 is removed. 

[0023] Drawin g 5 (A) is drawing showing the rate (%) dependency of over etching of the amount of TiN 
film etching under the connection hole in 2 step etching by this example (nm). The same drawing in 1 
step etching conventionally performed to (B) as reference is shown. The object of 1 step etching is the 
same as what is shown in drawing 2 (B), and etching conditions are the same as etching of the 2nd of 
this example. That is, the dirty rate of the base fihn 48, the flow philharmonic film 50, and the cap film 
52 is a part for part 420nm/for part 420nm/for 360nm/, and the dirty rate of the TiN fihn 44a and 44b is 
a part for 30nni/. Moreover, the rate of over etching in drawing 5 R> 5 is a value in the deepest 
connection hole, i.e., connection hole 58b. 

[0024] Usually, in consideration of the variation in the thickness of an interlayer insulation film, and the 
variation of the dirty rate in a wafer side, about 30% of over etching is performed. In the case of 1 step 
etching, if 30% of over etching is performed, the amount of etching of the TiN film will be set to about 
55nm. Since the thickness of TiN film 44a is 50nm, TiN film 44a will be etched to the base. On the 
other hand, in the case of 2 step etching by this example, about 25nm and TiN film 44b can be set to 
about 20nm, and cannot be concerned with the depth of a connection hole, but, as for the amoxmt of 
etching of the TiN fihn, TiN film 44a can leave about 25nm of TiN fihn. Therefore, compared with 1 
step etching, the condition of a connection hole pars basilaris ossis occipitalis can be equalized, and a 
reliable cormection hole can be formed. 
[0025] 

[Effect of the Invention] The lowest layer insulator layer fi-om which, as for the manufacture approach 
of the semiconductor device by this invention, a dirty rate changes to flow rate change of predetermined 
etching reactant gas. And the dirty rate in the 1st flow rate of the etching reactant gas with which the 
dirty rate of the lowest layer insulator layer becomes small The 1st etching performed by the 1st flow 
rate using the interlayer insulation film which consists of the larger upper insulator layer of one layer or 
two or more layers than the dirty rate of the lowest layer insulator layer in the 1st flow rate. The lowest 
layer insulator layer of a connection hole field is removed by the 2nd flow rate of the etching reactant 
gas with which the dirty rate of the lowest layer insulator layer becomes large, and a connection hole is 
formed by the 2nd etching which forms a connection hole. When the 1st etching removes the upper 
insulator layer from which the thickness of a connection hole field differs by the 1st flow rate of 
predetermined etching reactant gas, the lowest layer insulator layer of a connection hole field with the 
thin thickness of the upper insulator layer Although a part will be removed by the time the upper 
insulator layer of the connection hole field where the thickness of the upper insulator layer is thick is 
removed to a pars basilaris ossis occipitalis, the thickness removed on the 1 st etching condition since the 
dirty rate of the lowest layer insulator layer is small is slight. After removing the upper insulator layer of 
the connection hole field where the thickness of the upper insulator layer is thick to a pars basilaris ossis 
occipitalis, the 2nd etching removes the lowest layer insulator layer of each connection hole field. 
Consequently, the amount of etching of the substrate pattern of each connection hole field can be 
stopped sufficiently small to the rate of over etching, the condition of a connection hole pars basilaris 
ossis occipitalis can be equalized, and a reliable connection hole and reliable wiring can be formed. The 
amount of the lowest layer insulator layer removed by the 1st etching by the 1st etching as the dirty rate 
of the lowest layer insulator layer is 1/5 or less [ of the dirty rate of the upper insulator layer ] can fiilly 
be stopped, and the amount of etching of the substrate pattern by the 2nd etching can be mitigated more 
effectively. If the gas which contains C4F8 in etching reactant gas is used, using silicon oxide as a 
lowest layer insulator layer, the etching rate of the lowest layer insulator layer can fiilly be changed by 
adjusting only the flow rate of the gas containing C4F8. 
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iBJiJii^^Ktfox -y^t— hco 1 /5mTrab^iS^'S 

1 i,ztimcr>^wmw(rm&i}m. 

[if*3i3] mimrmmmbLXi^v:i>^im 

^m^K fItexy^yi/^;^fXtcC4F8Sr#tfXf;^Sr 
[000 1] 

■t^^mimm(7)^jLmzmt, ^iz. mi\:jm:if<^ 
m-thTMiiits^mi^mcomk^tzm-th t<o-c 

[00023 

6 2:-^tf^««fi[2±K:Jiiaffiil*!!S8 ^^mSixTV^ 
JllS^J18±Wi. A 1 CuKl 0 ( 1 Oa. 1 
Ob), Ti Ml 2 (12a, 1 2 b ) Rt^T i N|il 
4 ( 1 4 a. 14b) imm^tlfzWMm 16(16 
a . 16b) *<W^<0<2gfc«fi£$ixT V»&. iEMlJS 1 
6a, 16b iSr-iftfWI^fegKSilCJi . fS^cO^a-fk 
ftW^fflV^-C^ffl-ft^^l^cJlSteMiKl 8*<m$nT 
*J0. laHSl 6 a. 16b±fc:Ji«$*»av^«^?L2 
Oa, ai$*iaiV^ffi«g?L2 0b**-f-n-F*tm$ixTV» 



[0 003] J:cOJ:5lca5$<!OS^ri«SgS7LS-tsaWK 
^'fx-yf-y^rJgfiKLid Si:. «?**^v^«ei 

[0004] plJi.<fiejaS«jm2:jeB£-rS%&, ts!* 
£7) H 7 x y ^J'tc J; S«mJ^fifcfir&-C'{±. SiBITL 

coT^fe^^*:^'->-ffi^as i ecomikfj^A i cuKi o/t 

iJKl 2/TiNKl4*»^>»fiK$ixTV^4fc§, ¥ia 
'ft^fx^cB^ffe^Ml 8{i«ia?L<^Sg$tcJ:-:>T, T«!l 
M'^'-yffiiKJl 1 6<r>T i NIK 1 4 at/^SMiX-m^^ 
tltiWm.20a.tT i NKl4b**«#>r&SSgSS?L2 
ObAJJ^-fi). Itt-, TiNMl4a**^^fe§n/;gf 
mil2 0 a-Ctl. Ttfi>'N*:J'->'E*a® 1 6cOA 1 C uK 
lOaiOA 1 i;Xy^y^-CabSCF^O^;^i:3&iR 
JSL. »^ttc75ffiV^^-fb*^2 2*^JgjS?ii, 
?L2 0artStItft«i-i,. ^<mWA2 2\i.. g^«0 

JJUja^J^J^-f SMfc^T^r^ 5 0 ormKf^Bl 
;>yxi5!mt'T i Nlil 4 a*sx y ^>':?^$iX7tSf^2 
OaJjggS-CSJilLJtA 1 CuMl 0 aiOA 1 tfim^^ 

L. ii!iiafa<!03i*8s-«<ct*«*>s, 

[00051 ^cTji 3 ic, SmJ^mt::, 
l.^igBlSrta!*cox yf-^'7':fra-C?K^U3tJ©-&, Sf^ 
?L*<fi[S^ I) T«6> i^ifi1SWl<^ 2 

ini^-r^jti^tc. mtimT<^xd^j::fjmi}^mm^n.x 

[ 0 0 0 6 ] 7 -/I' h'K'ftK^: fc'tt J: t l.=S-^ 
^';i-ffiita^«BiMtc®&ri.#S!S!?L<ox -y i-yy^ 
(r>^nimn-rhtiibiz^ Wi^<7)JL'yi-yi^/fxiz1iiL 

TX -y ^W- h V V>lg//jN$ 

TV^4 (It^spy-i 22 634-^ {mimi) . 
#HS) . ::ff)^X'lt. x-y^^-h**:^#V^JKi:LT 
CFS«r-^*-r'S.^r«S>'!;3Wt:-^5:fflV->-CV^S. «• 
^ ^}USiJ&±izm^^ tutiiSiteSIKTtt , X -y 

§<.^Jg<0M15{i^=6r-5-Cv^-&t<0*«S>i.. L*»L, xy 
f-V"-h*«::*:#v>Jgcox-yf->'^^^«±. -?-<^))K)Sfcj!p 

[0007] giJco:^t UT. mm^j:k'(OTm^'^^-> 

imiz^-ti>mim^if<7m:c. '^,^vy^<r)^m<rm 
\,^mmi,zm&-ti>mfL<oj:-y^y^WDT:^^i' hit 



(3) 



#^¥1 1-2 04 63 6 



- 1 4 8 2 7 O-t {^^m2 ) . -^ffi^Bg) . ^rnUff) 
TV'S. 

[ 0 0 0 8 ] $ tcS'JiO:^ k LT . JSraffiSlK?:^* 
Xdl,z. -r^h*>. x-y^^-h*<fl!5c?)^KlcJt'^T 
$ix-CV>5 (i^^¥8-2366 1 9# (fie*fiRl3 ) . 

[0009] ^^izw\(^:fj&b Lx. mmit>w^-^ix 

«oiEJS±t, xy^u-Vco/h$v->«^ai&?'«)jg*L 
t:i3<:*ra*^^§itTV%S (^iB¥9- l 78 6 2-^ 

(t^<5ij4) . 4;jfB#B§) . x■yf-^-^*^/^$v^w15^ 
mi:m^(o^wizmm't hztizx*). mmss^mm 

-X >y ^y^^m^-L-XX^h . 
[00 10] 

OT£OJ:3^raJS,***2fel.. tie^Ullfti:, xy 
^1^- v^Ki: LT C FSSr-^^f^^i^ 'J 3 

y-fb-^^^&fflv^TisO. x-yf->-^^f^tctT=5:3 02fcJ: 
7 :r h V 1^';^ b <0M3!ii«^fLfi!IMTI5aj U 

2«i. g^S*iS^Sig?L«Ox.y^>'^ii#S^Ji}iSyi46 

0. HfflWCSrv*. mm3^t. x-yf-u-hj&^S^r^ 
1SStc7))i$rlHl^t=x>yf-yi/-t'i>!t*^. 

©jfflij&^iitv^. ^^m^\i. mmmm<r)WLTm\,z^») 
ife, ®f^e^KSrx.y^>':rm(i, iMnmwk'km^ 
-I.. 

[00 1 1 ] -eciT'. ^wm. m^is^m^£i>w^i 

V^^x.-yi-yyx'm^-thWi^t,zii\^X^ g^?7L<0gg 
[00 12] 

<r>^-^mi. m^^^-rhTmhizmm^^mt^ti 



m^h.fz§'mws^^^-ti>^w-mm.(nm^-)iw.zii \, ^ 

(A) F;f^«5DX>y^>i/^l5;<f;^<7)ga^^l:t;^=ftTX 

■y f-i^- h Ai^^t-r 6STa«5^ia^ Ttthtwjg^-r i. 
x^. ( B ) x>y^>'^^R(5/fx<oseasHkt=itr4x 

•y f-W— h cO^^kO L*-Jt3&>'STJIi^lli: JiP^-l. 1 

-5-io^ffi^Tffl^t-rsxs. ( c ) gs^iaisjcBap 

( D ) X y i/RjE;;y;^«o»rig$-STil^igKcox .y 

KS-KSif&SlOX.yf-y^'XS. (E)X-yf->'^^ 

RlC*'x<7)»SUl*«T«ffi^l^«ox.y^P- < 

[ 0 0 1 3 ] sii C9X .y J: 0 . mmimMi(r>m 

^tfim\^mmmm<^±Mmimii^^t.x'f^$ixi> 
tx(n^izr^^tihi}f. eTJiiffi»)s<^x.yf-w-h 

■CX yf-V^^L/vT^. m2<7>X y^>'^^KJ:0. 
fU^<7)T*>' - y cox y f - y S: ;t->' ^-x -y f - y 
[00141 

KCOX .y ^ U- h *i±®^)KcOX y-f-l^-hCOl/S 

eiTr^^l.«li:**»*Lv\ ^ffy^liZii. mox-y 

i: *>-C' ^ , IS 2 C7)x y ^ y ^^'(c J: T*fi>' n' - V i7)X >y 
^>:?^4i& J: *)^^iz^mt^ Z t ifiX'% h . STil 
teSajStfCv'yni^ig^kll&fflVK Xyf-y:;/'^;^^ 

J: 0 . «TJi*felS«<Ox./^y^U- h^+:»-lwS&fl:$ 
[00 15] 

[SlSfififiJ] WT. *56BJ5-:R«C'fl:LA:-IIJ6W<^^!BgX 

( A ) sm^iy 'J 3 vw^ 2 6 ix-m'^Htmmm. 2 s-c 
tji-fiisti^vstt^jstc . hmim^it Lx y- vm 

ffi3 2 :t y«EAXS5ri:'C J: 0 V-;^ • H 

V A yffigtil 3 0 ?:)g^f^, V U 3 ySffi 2 6 ±tc®S 
f6iiilS3 4 i:m&-ti> . hit® 3 2±ai/y 



(4) 
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h^mm-h, i^U3vsK2 6^B^c>'^'l>r^Sr«lS 

T*»'^»i^i-tfA 1 CuMSrSO Onm, T ilK 
*2 0nm, Ti N)KSr5 0nm*HIS-»i:, /^^f-—^' 

y-fi.. ^<r)mm. mmisea. 3 6b±wi. -eft 

^'tb"x)jrS38a. 3 8b5::frt-C. AlCuM4 0 
a. 40b. TiK4 2a. 42b. TiNK4 4a, 
4 4b3!i»fe=5:STJiffiSS4 6a, 4 6b*qg«$iX 

[00 161 (B) <J:tc. v-U3>'»E2 6±C. 0y;t 
iiifxmMi SiH,: ISOsccm. N, : 1500 
seem, N2O:3500seem. E.:^^: 1 . 4T 
orr. RF .'n'V— $: 1 0 0W<0^t'C VDlCi 

0 . ®t)f*A«»5 1 . 5 7<0'<>-;^IR ( > l> ai^K-flsfflt) 
4 8^100 nmJt«-ri.. <J:t=. Si^^J-glMli2 8^ 
Illc0ieiiaa4 6 a. 4 6b*>ic>^?)Ttfi>'-?^'->'<0ir 
IISr««)Ti^U3>'S«2 6±Sr¥ii-fi:-r-&3ti^tc. 

1. *f;yxSEMi& S iH4:120sccm, N2:300 
seem, HaOjrO. 6 5 g/^O^ff^TSBEC VD 
(cJ;0 7o-7-f;HS (v-Ua^SS^l^M) 50$r550 
nmltflrrS. 7O-7-fyHS5 0c0«ig«rfi&<'3t«6 
tC. fi?i|i.tf;*";^gifiSrS iH4 : 1 00 seem, N2 : 
lOOOscem, N2 O : 2 0 0 0 s c c m. S^Sr 
0. 7 5Torr. RF ^f^V— i 5 0 0WC0^fl^T=Sf 
^y-rWm^Uziymm) 5 2^2 5 OnmimLf.1 

tk, muiAso'c. 3 0^9-, n^:fjxmm^(rf^^X' 

rK5 2<07K*Srl^t-S. 
[00171 Cico J; d i::, Jlfa«i^)K«'<.-^M4 8 . 
yu-y<)VmS 0&U'^-V>y 7-1^5 2<?D3Ji*>^>JgB& 
Sir-CtiiJ. 7o-7^;HK5 0«BlfliE5r^ffl^Ut:v^ 
•g.<73-C'li^twi-?TJ±ft*:5 5 0 nmc7)l^ilSr t -5T 
V^l,. <J:tC. llli0iei|Ra4 6 a. 4 6bfc||2<0iaia 

2±l::7 ;r M^i^';^ b 5 4 J: O^'N'^'-V 5 6 a . 
5 6b i:m^-rh . VN-:?-:^ 5 6 a i: 5 6 b<7)T<7)Jira 
im.mi,Z\i. 5 O nm. S/h-CS 0 nmgJScO 

[0 0 181 ^icT'. gfmsrj^^-rs^i^t:, ^-yf- 

E$:fflV^T2Xx'yrX'yf-y^^S:fi^^:3. IRKOX-/ 
OSr^^L, Sg2<?5X.yf->'^^T-J±-5-C0Tc0<-;^)^4 

0-7 -f ;HS5 oat^^-v -yriss 2<oc4 Fs^yxssa 

(seem) (ciftl>:i^-y^^- K (nm/^J-) i£rE14 
t^-r, 04*>'i. C4F8;yxcog54SrSHI:$-<*-SC:i: 
tciO, lSteMilKe0fkT®S:«tJ«-rS'<.-;^l!S4 8<0 
X y ^u— b ^:>cl= < ^-(k^-ti:?. t S c: t *<fc 

vKosijfiM-cticifL^rfijfflt. u^ti^m^^mmi 



[0019] (C) 2Xf-y7*x.yf->'^<5r)|gl«0Xy 
f-y^^^tS. ;<fXgia:5:C4F8 : ISsccm. CH 
F3: lOsccm, CO:300sccm, Ar:4 
OOscem. O2 : 2seem. ffi:ft$:4 0mTo r 
r. RF y^•'7-^rl 7 OOW («fi6<0a:g*58^ y 
^) . iaS^THSIgSi : 2 O'C. ±l»^ : 6 CC. 
M6 0X:tLJt. i<7)^l:l3ttS'<.-;^^4 8, 7n 
-7^;HK5 0. de-^-yrK5 20Xyf-U-h{i. 
iimSOnm/^J-, 5 00nm/t»-. 50 0nm/i«- 
(1I4<^^4 6) , 

[00 20] ^KTyj^ y^y/^mm-tt . t-r. ^-^ 
^-y5 6a. 5 6hT<r>^^ yy°m5 2mmmmz 

^tyiZ. -e<0T<07O-7^/I/ffi5 0*<^ 

i:^1Xi>. J^^-y5 6a.T<Oyr3-y^)Vm5 0ti^& 

S^ivm^^ti. ■?-<?)T<^<-A]K4 8<^[^**<rajt&s 
y'?^'— >'5 6bTc07a— 7>f;l/K5 0{4i 
7fcTS-5TV'>l). LA>L, |glcOX-yf-y:/^#t'{4. 
-XK4 8C0Xyf-^-h(i7a— 7-f 5 0 <55X -y 
^U— h«01/5OT^«0T% >'5 6 bT«07O 

-7 ;HK5 0!&«|ga{*-Cl^$as*T'<og|td^$ 
fLSy>':J'->'5 6 aT<?X-X]14 8<7)]^{±*?i'*^t- 
fe*. -efOmSs ^\'^'->'56a, 56bT«0TiNK 
44a, 44b5:Saj$-*'&C:fc^r<'^-\'>yril52& 
1^7 a-7 -f 5 0 5 t I. . 

[0021 1 (D ) m2<ox-yf-:^^^m4. 
^C,F8: QsccmkLJtljWHillK^X-y^y^^^ 
fl^fclSIttCtJt, vlCO^tCt5»tS'<--:^1^4 8. 7D 
-7-f;H15 0. =3f-A'-y7'^5 20X-yf-U— hti. -5- 
iX-e^l.3 6 0 nm/^, 4 2 0 n m/^i-, 4 2 0 nm/ 
(@4c0l^4 8) . Z</i0kf\rX^(OT i 

NJK44a. 4 4b<7)Xyf-U— hJi;3 0nm/^J-*Cfc 

[ 0 0 2 2 1 SS20X >y ^y^iS^tcti, '<-:^!K4 

8{4>'N°^'-y 5 6 aTTt 5 6 bTTtPI tgJK<^M» 
*^-:)TV%^«0-c. yt:J'— y5 6 aTi:''^°^'-V5 6b 
T«^'<.-^M4 8«4;«c^'5rB#SII^Ulcl^$ti.S. M 
Sgtrti, V'C^'-VS 6 aT<0'<— XM4 8cO:*r3!)<>'N'^- 
y 5 6 bT<^<-xm4 8i 0 tJfeCKSPit'l^S 
tl. y 5 6 aT<?)T i NJS4 4 a*^|^*Stl.$&tfi 

t*»L. m2<0X.y^>'^^frTt4, TiNM44 
a£0X y^U-M4<-;^M4 8<0X-y^U-hC0Jl«Jl 
/I 2^<0T', >'^:$'-y5 6bT<0^-^M4 8*ti£aP 
im^fe^nSiT'C^StcK^;? itST i NK4 4 a<0 
IKW «4*>-r*^T-$>>5 . -?-<50^m. ^^^~-> 5 6a. 56 
bT<0TiNI^44a, 4 4 b S:ajifC-5-£OTc?3T i 
1^4 2 a. 4 2b-^AlCu)K4 0a. 4 0bi£rSai$ 

iajl4 6a, 4 6b±tcm2<7)^gg?L5 8a. 58 b?: 
mm-h^ltilfT^h. ^<^k. 7* hUi'':^h54 5: 



(5) 
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[0 0 2 3] 05 (A) {J, mmmmi,zx^2XT-yy 

m) <0;tWN-X.yf->'^^^ (%) fia^ttS-^-tat'fc 

•S, #^tLT (B) IC, (sf5RlT^r*)tVT#:tl;«.T--/ 

^^<7>**i&Ji02 (B) IC^ffc^OfcRtTftO. X-yf- 

>i5^^W±, |ilSISfemil2<ox>y^y:rj:|SIfCS) 

-t=5ri?*>, '<-xaS4 8. ^D-^-f/UKSO. ^ 
A'-yrM5 2<7)X.yf-^— h{±, 36 0nm/tiJ-. 4 2 
Onm/^. 4 2 0nm/#Tfc'3. TiNK44a. 
4 4btfOX-y^l^— b{i30 nm/-J)-CS>^. ^Jt. H 
5c^'C0^->'^*-X■yf•>^'^{±, gtS^V^Sc^. -TKc 
ij1^mWl5 8 b tCfcftSfit'ftS. 

C O 0 2 4 1 ilS. Ji^^M<^J^«0VN*7>y=3ri: '^x 
>'Nffil*ITtOX<y^^-hcO>''v7'y^?r#J:t-C. 3 0% 
g|£cO^— X/^y^f^Sr^f^d. 1 X7^•yrx•y•^• 
>'^^^0J©^, 3 0%<05r-^<-x.yf-y^^$rtT^d kT 

i N)KtfOX-y?-y:r«*^5 5 nmlZ'5r&. T i NM4 
4ai7)MJ¥Ji5 0nm-C&«.cO-e, TiNM4 4a«±-?- 

coiSffiiTX y^y^^Sii-CLa —U. IsWiSW- 
i 2 XX -y rx y f-i^i/coit^. T i NJK^^x -y f-y 
JJ^JIti. TiNK4 4a*»'*«j2 5nm. T i NJ^4 4 b 
*«*«>2 0 nmC^: 0 , «gB3Lwa5$tc:BI*>A>-f T i N8^ 
*2 5nmigJK«-rc:t**t'#«.. L^.:**-5T, 1 Xx 
.y rx -y ^ y ^tcJt^T Sig?L&a5c^SSS:%— ftC 

[00251 

0r^«ox -y ^ y xcoSTifi^-fkifcM tTx y -f - u 
- b *^^k-rseTJa^)il . &t/«kT®ilfeSIS<Ox .y 
■f-l'- ^*VJ^$ < ^ 6x .y ^y^RJE;<f xcoll 1 <r>^ 
-C<7)X yf-u-h*>\ SlcoiiS4r<oSTJlffiliMOx 

-y^^-hj:ot::*c^vu mxiim(m<o±Mimm* 
ti,^?>mmmiSi^m^K HKogEi-cfi^^a^iox 

•y^y^t. gT/i^)K«0X y^^-hA5:^§<^irl. 
X -y f - y XCOH 2 cog5ft-Cg^?LIS«<oaT® 

«»S18i&I^L, S^«rJ^jS-rsm2<ox.yf-y^^tc 
iOiSm^jeiS-rs. isitox-y^y^^tciO. Bf^ 
<ox »y f-yj^^RJC^Sfxcoil 1 <!08E«T-SgaFL«lS<Ol?S 

•C«OHt-m*Sfi.S*'. H 1 <^x y f-y^/^fl^t'Ji 



tgiO±®if&igKSrJS^^-CI^Lyim. ?g2c0x>yf-y 
#««^®lScOTtte^N-:?-yox.y^y^ftSr 

ifim^T^^. ®l<Ox-yf-y^r. «TJHfeSK<^ 
■y 1/- h *<±iiffii^^x .yf-^-hOl/5 OTT' 
S>6k, ||l<^xy-fy^^-C-^$fL^.ST«iKilil8«o 
*^-H}-tc«ii-&c:t*«t'#, m2<JDx>y^y^^tci:S 
T«fi/N':5'-y«73X yf-y^^St-J: 
i: 7!pT# t . STili^IKi: LT U :3 y^-fklSSrffl 
V^, x.yf-y^RJj5;{rxtCC,F8$r^tj;<rx$:fflV^S 
k , C, Fj Sr-^tf;yx<OiiiIfi<o;^$-ISfi5TS Z. t lei 
•9. ikTia«iilf^<7)x»/^y^'P'-b*-Hi-t;:^tii&-«t 

[01] ««mj^fi£^^f*:^<^fi£*<5«$-^ttir 

[021 -'mmm<r>jLnw\mmx'h s , 
[031 mmt&mcoM^ coxmmmmvh h . 

[041 aSMiSM^m-rS'^-xi^. 7u-:7^ 
/Hiat/^^ yT-JKcTJC, F8;<fXSEaKJt1-|)X.y^^ 

[05] (A) {iPHJfepljCiS 2X'r-yrx -y^y 

^^Tcog^fLTcoT i NMx>y^yira«05r->'N'-x y 

T#)t 1 x-f •yTx-yf-y^^T<olpI«<o0-C<b4. 
[^^■^«7)BiB«] 
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30 
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36 a, 
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4 0b 
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42a, 
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46a. 


4 6b 
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56a. 


56b 


^'c^'— y 
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